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INTRODUCTION 
This repor t  completes t h e  s e r i e s  of qua r t e r ly  progress repor t s  for 
t h e  work authorized t o  da te  under Interagency Agreement 4.0-14-63, NASA 
Order No. C-220-A, which i n i t i a t e d  a corrosion-study program at the  Oak 
Ridge National Laboratory i n  support of t he  SNAP-8 e l e c t r i c a l  generat ing 
system. A summary repor t  i s  being prepared. 
th is  corrosion-study program were (1) t o  evaluate  t h e  compatibi l i ty  of 
t h e  proposed s t r u c t u r a l  mater ia l s  w i t h  t h e  proposed r eac to r  coolant ,  N a K  
containing hydrogen, and (2)  t o  provide information on t h e  behavior, con- 
t r o l ,  and d i spos i t i on  o f  the  hydrogen present  i n  the  SNAP-8 primary coolant ,  
p a r t i c u l a r l y  with respect  t o  the  d i f fus ion  of hydrogen from t h e  SNAP-8 
primary c i r c u i t  through Croloy 9 M  b o i l e r  tubes i n t o  the power conversion 
c i r c u i t .  
The primary object ives  of 
The program i n i t i a l l y  provided f o r  1 2  loop experiments, with time 
and space ava i lab le  i n  t h e  schedule f o r  a t h i r t e e n t h  loop. The 1 2  i n i t i a l  
experiments included operat ion o f  e igh t  loops t o  obta in  information f o r  
a f a c t o r i a l  r e p l i c a t e  study of  th ree  va r i ab le s  a t  two l e v e l s  each, two 
loops f o r  a t ime-ser ies  study at SNAP-8 condi t ions,  and t w o  ( o r  t h r e e )  
add i t iona l  loops f o r  inves t iga t ing  means of l i m i t i n g  hydrogen egress 
through t h e  Croloy 9M cooler sec t ion  of  t h e  loop. 
gram included a s tudy of hydrogen permeabi l i ty  f o r  t h ree  SNAP-8 container  
materials w i t h  and without NaK present  and an inves t iga t ion  of t h e  re- 
l a t ionsh ips  between hydrogen s o l u b i l i t y  and par t ia l  pressure i n  NaK as a 
func t ion  of temperature. 
In addi t ion,  t he  pro- 
Several  modif icat ions were m a d e  t o  t h e  o r i g i n a l  loop program. Three 
"hot-spot" loops were added.; i n  each of t hese  a redesigned hot s ec t ion  
more c lose ly  simulated the  SNAP-8 hot-spot condi t ion than was achievable 
with t h e  loops as o r i g i n a l l y  designed. Two o f  t hese  loops were used t o  
s tudy hydrogen egress  and control .  
loops ( see  Table 1) and. one of the ho t  spot  loops was deferred. pending a 
more complete eva lua t ion  of  the r e s u l t s  from the  e x i s t i n g  loops.  F ina l ly ,  
Operation of four  of t h e  o r i g i n a l  
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two isothermal loops were operated. t o  decarburize specimens of Croloy-9M 
f o r  mechanical-property t e s t s ,  and. a stud.y w a s  mad.e t o  a sce r t a in  the  
general  e f f e c t s  of d,ecarburization as found. i n  t h e  corrosion loops on the  
mechanical proper t ies  of both s tand .ard .  and. modified. Croloy 9M. 
Previous repor t s  i n  t h i s  s e r i e s  descr ibed i n  d .e ta i1 the  program plan, 
t h e  experiments t o  be cond.ucted., and t h e  t e s t  equipment t o  be used t o  
simulate t h e  SNAP-8 primary c i r c u i t  at reduced. s ca l e .  S t a r tup  and. op- 
e r a t i n g  experience f o r  t e n  loops , including t h e  f i r s t  "hot-spot" loop, 
were also d,escribed., i n c h d i n g  t h e  d i f f i c u l t i e s  encountered, i n  maintain- 
i ng  and. measuring oxygen and. hydrogen l e v e l s  i n  t h e  N a K .  
eleven loops was completed.. 
Operation of  
Cold t rapping w a s  e f f e c t i v e  i n  con t ro l l i ng  contaminants, and. i t  re- 
d.uced. hydrogen e f f l u e n t  from the  loops a t  cold. t r a p  temperatures as high 
as 550°F. Plugging ind ica to r s  used t o  d.etermine 0xid.e l e v e l s  i n  the  loops 
cons i s t en t ly  showed. mult iple  responses t h a t  ind.icated. t he  presence of con- 
taminants other than Na2O. Sampling d.evices f o r  i s o l a t i n g  t h e  o ther  con- 
taminants showed. only argon, K 2 0 ,  and. N a 2 O  and. no evid.ence of corrosion 
prod.ucts o r  carbon compound.s . 
i n  t h e  loops was stud.ied i n  t he  l i g h t  of t h e  d.iscovery of extraneous 
sources of hyd.rogen, and monitoring of loop hydrogen e f f l u e n t s  w a s  re -  
vised. t o  overcome d,ef ic iencies  found. i n  the  argon-sweep-gas and. thermal- 
cond.uct i v i  t y -ce l l  technique used. i n i t i a l l y .  
Character izat ion of t h e  behavior of hyd.rogen 
Proced.ures f o r  postrun examination of corrosion loops were d.eveloped., 
and. r e s u l t s  from the  examination of completed loop experiments showed 
some d.egree of corrosion and. mass t r a n s f e r  i n  each loop. Low-oxygen- 
content loops had. very l i t t l e  corrosion, bu t  high-oxygen-content loops 
had, s i g n i f i c a n t l y  g r e a t e r  amounts. The oxygen l e v e l  w a s  shown t o  have 
a g rea t e r  e f f ec t  on the  corrosion of iron-base a l loys  than on t h a t  of 
nickel-base alloys. Carbon migration was severe i n  all loops and w a s  ap- 
pa ren t ly  ind.epend.ent of t he  hyd.rogen and, oxygen content of t h e  N a K  at t h e  
oxygen l e v e l s  investigated. .  
t h e  hot sect ions of t he  Croloy 9M, and., i n  some cases,  t h e  d,ecarburiza- 
t i o n  was accompanied. by g ra in  growth t h a t  produced. very l a r g e  g ra ins .  
Carbon pickup w a s  observed. throughout the  res t  of t h e  loop. Hydrogen a t  
Extensive d,ecarburization w a s  observed. i n  
. 
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t h e  low l e v e l s  experienced i n  the loops d i d  not adversely a f f e c t  corrosion 
and m a s s  transfer. 
It was found t h a t  chromium enrichments of the  surfaces  of chromized 
Hastel loy N piping and tubing typ ica l  of SNAP-8 f u e l  element cladding 
v a r i e d  i n  a rand.om fashion from 0 t o  75% chromium and t o  a m a x i m u m  depth 
of 0.0015 in. 
f e c t  on corrosion. 
Such v a r i a t i o n  i s  not expected t o  have a s i g n i f i c a n t  ef- 
Zydrogen permeabili ty of Hastelloy N w a s  measured both i n  the  presence 
and absence of NaK, as w a s  t h e  hydrogen permeabili ty of type 316 s t a i n l e s s  
s t e e l  and Croloy 9 M  i n  t h e  absence of NaK, as reported previously.  
equation f o r  t he  s o l u b i l i t y  of hydrogen i n  N a K  w a s  determined.: 
An 
X 274 
l og lo  - = 0.0756 + - , 
PI/* T 
where 
X = hydrogen concentration, cc (STP) per  g of NaK, 
P = hydrogen p a r t i a l  pressure, a t m ,  
T = temperature, OK. 
I n  the absence of  cold trapping, t he  hydrogen p a r t i a l  pressure i n  
t h e  SNAP-8 primary NaK system a t  1100°F should be about 2.4 X 
Cold, t rapping a t  about 100°F would be needed t o  reduce this  concentration 
b y  a fac tor  of l o 4  and t h e  hydrogen d i f fus ion  through the  Croloy 9M by a 
f a c t o r  of lo2. 
might a l so  e f f e c t  a similar reduction i n  concentration, b u t  use of a 
so luble  g e t t e r ,  such a s  l i thium, accompanied by cold t rapping a t  tempera- 
tures around 300°F appears t o  have the  most promise of e f f e c t i v e  hydrogen 
cont ro l .  Diffusion windows appear t o  be impract ical .  
a t m .  
S o l i d  g e t t e r s  f o r  hydrogen, such as zirconium o r  y t t r i u m ,  
This repor t  covers progress during the  eighth q u a r t e r l y  per iod of 
t h e  program, March 1, 1965 t o  May 31, 1965. Previous repor t s  i n  t h i s  
s e r i e s  were: 
ORNL- 3 53 8 
ONL-3604 For Period Ending November 30, 1963 
0-3618 For Period Ending February 29, 1964 
ORNL-3671 For Period Ending May 31, 1964 
For Period Ending August 31, 1963 
4 
I - \  
ORNL-3730 
OWL- 3784 
ORNL-3823 
For Period. Ending August 31, 1964 
For Period. End.ing November 30, 1964 
For Period. End.ing February 28, 1965 
SUMMARY 
Operation of t he  f i n a l  loop i n  the  present  phase of t h e  corrosion 
program was completed. d.uring t h i s  repor t ing  period.. 
a "hot spot" loop operated. with continuous cold. t rapping  and with d.euterium 
in j ec t ion .  The objec t ives  were t o  a s c e r t a i n  d i f f e rences  i n  corrosion and. 
mass transfer rates r e s u l t i n g  from continuous cold. t rapping  and. t o  evalu- 
a t e  t h e  e f fec t iveness  of cold. t rapping i n  reducing t h e  hydrogen concen- 
t r a t i o n  i n  t h e  loop N a K  and .  thus  t h e  hydrogen e f f l u e n t  from t h e  loop. Two 
hydride cold. t r aps  were provided., one f o r  t h e  c o l l e c t i o n  of hyd.rogen from 
extraneous sources while no hyd.rogen w a s  being in jec ted .  i n t o  t h e  loop, 
and. one t o  c o l l e c t  d.euterium t o  permit cha rac t e r i za t ion  of t h e  behavior 
of hydrogen i n  t h e  SNAP-8 primary c i r c u i t  when f r e e  of e f f e c t s  of hyd.rogen 
from extraneous sources .  
This loop w a s  b a s i c a l l y  
The loop operated. f o r  2659 h r  a t  d.esign temperature p r i o r  t o  shut- 
The hyd,rid.e t r a p  f o r  c o l l e c t i n g  extraneous hydrogen operated. f o r  d.own. 
500 h r ,  and. the d.euterium t r a p  operated. f o r  676 h r .  
w a s  observed. with both an on-stream mass spectrometer and. gas sampling 
techniques; however, t he  r a t e  of extraneous H2 flow d.iminished. with time 
from a l e v e l  of scc/sec t o  2 X scc/sec.  This l e v e l  w a s  reduced 
t o  below 
pera ture .  
Extraneous hydrogen 
scc/sec when t h e  loop temperature was reduced. t o  room tem- 
The introd,uction of d.euterium i n t o  t h e  loop successfu l ly  served. t o  
d . is t inguish between extraneous hydrogen and. t h a t  injected.  i n t o  t h e  loop. 
The d.euterium d.ata ind.icated. t h a t  t h e  equi l ibr ium pressure  i n  t h e  loop 
i s  approximately the  same as t h e  calculated.  hydrogen p a r t i a l  p ressure  f o r  
t h e  SNAP-8 primary system i n  space ( 2 . 4  X a t m ) .  Cold. t rapping a t  
120°F reduced t h e  D2 outflow from t h e  loop by a f a c t o r  of 2500, while 
cold. t rapping a t  260°F, a temperature more appropriate  t o  t h e  SNAP-8 sys- 
t e m ,  red.uced. the D2 outflow by a f a c t o r  of 6 .  
. 
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Analytical  exaqinations were coxpleted on all but  t he  f i n a l  loop I 
I (14-4). Resul ts  of these  exm-inations i n  general  confirzied previous ob- 
servat ions.  Very l i t t l e  metal migration occurred i n  low-oxygen-content ~ 
NaK at both temperature l e v e l s  invest igated;  however, carbon migration I 
w a s  qu i t e  severe.  
content NaK w a s  very low, as compared with corrosion of t he  chromized 
Hastelloy N, which ranged from th ree  t o  seven times as grea t .  
t h e  oxygen content of t he  NaK accelerated the  corrosion r a t e  on all ma- 
t e r i a l s ;  however, t he  e f f ec t  on the  corrosion r a t e  of Hastelloy N w a s  much 
l e s s  than t h a t  experienced by iron-base al loys.  
were observed i n  some loops run with low oxide content.  The results a re  
cons is ten t  with a hypothesis t h a t  in te rmi t ten t  high-oxide-content s i t ua -  I 
t i o n s  i n  an otherwise low-oxide-content regime a re  as damaging as con- 
t inuous high oxide contents.  Additions of hydrogen t o  the  NaK did not  
Corrosion of t h e  iron-base al loys i n  t h e  low-oxygen- 
Increasing 
High corrosion r a t e s  
I 
produce any d iscern ib le  e f f ec t s  on t h e  mass t r a n s f e r  r a t e s .  Furthermore, 
~ 
t h e  extent  of carbon migration apparently w a s  not affected by hydrogen 
o r  oxygen l e v e l s  i n  t h e  NaK. I 
Because of t he  extensive decarburization of Croloy 9M i n  t h e  SNAP-8 
corrosion loops,  a study was made t o  determine the  e f f e c t s  of decarburi- 
zat ion on se lec ted  mechanical propert ies .  Sheet t e n s i l e  specimens were I 
decarburized t o  a carbon content of approximately 0.002 t o  0.01% by ex- I 
posure t o  NaK i n  a forced-flow type 316 s t a i n l e s s  s t e e l  loop. A s  shown 
previously,  t he re  w a s  general  de te r iora t ion  of mechanical proper t ies .  A I 
second group of specimens was decarburized and tes ted  t o  determine what I 
e f fec t  p r i o r  heat  treatment might have on the  mechanical proper t ies  of 
decarburized s tandard Croloy 9M and decarburized modified Croloy 9M. Data I 
reduction and ana lys i s  of these tes ts  axe i n  progress. I 
FORCED-FLOW CORROSION-LOOP EXPERDENTS 
, 
W. R .  Huntley R. E .  MacPherson 
B. Fleischer  A. Taboada 
General S ta tus  
The s t a t u s  of all corrosion loop experiments proposed and. operated 
t o  date  i s  given i n  Table 1 and t h e  p e r t i n e n t  operating conditions f o r  
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each loop are described. 
program, loop 14-4, w a s  completed, and. t he  loop i s  c u r r e n t l y  being examined 
meta l lurg ica l ly .  
Operation of t he  f i n a l  loop i n  the  corrosion 
A summary report  i s  being prepared. 
b e r a t i o n  of LOOD 14-4 
Loop 14-4 w a s  t he  second hot-spot loop t o  be operated. It w a s  s i m i -  
l a r  t o  previously operated loop 13-3, except, t h a t  r 7 e i ~ t e r i x 1  wzs i ~ j e c t c d  
i n t o  the  NaK c i r c u i t  i n  place of hydrogen and near ly  continuous cold 
t rapping w a s  employed. These modifications i n  t h e  t e s t  procedure were 
made i n  order t o  determine the  differences i n  corrosion and mass t r a n s f e r  
t h a t  might r e s u l t  from a control led oxide l e v e l  and t o  evaluate  the  ef-  
fect iveness  of cold trapping i n  reducing t h e  hydrogen content of t he  
SNAP-8 primary system. 
traneous hydrogen t h a t  occurred i n  previous t e s t s . '  Two cold t r aps  were 
provided f o r  t he  primary purpose of c o l l e c t i n g  hydrides and deuterides 
during t h e  course of the  t e s t .  I n  addi t ion a l a r g e r  cold t r a p  w a s  used 
pr imari ly  f o r  removal of oxides from t h e  system p r i o r  t o  operation of t h e  
deuter ide t r aps .  The deuteride t r a p s  a l so  serve t o  maintain the  oxide 
at a low l e v e l  during t h e  course of the  t e s t .  
Deuterium w a s  used t o  avoid the problem of ex- 
Extraneous Hydrogen Measurements on Loop 14-4 
Extraneous hydrogen was observed. with t h e  thermal-conductivity c e l l  
of t he  hydrogen-monitoring system and by separate  m a s s  spectrometer analyses 
of gas samples taken from loop 14-4 during shaked.own operations.  One of  
t h e  hydride t r a p s  w a s  operated f o r  500 h r  i n  an attempt t o  c o l l e c t  hydrogen 
from extraneous sources during a period i n  which no deuterium w a s  being 
in jec ted .  The t r a p  w a s  then i so l a t ed  from t h e  loop by valving and kept 
i s o l a t e d  during t h e  remainder of t he  t e s t .  I t s  contents are being analyzed 
chemically. 
'W. R. Huntley e t  al., Forced-Flow Corrosion-Loop Experiments, p. 10, 
SNAP-8 Corrosion Program Quart. Progr. Rept. Feb. 28, 1965, USAEC Report 
ORNL-3823, O a k  Ridge National Laboratory. 
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Deuterium in j ec t ion  i n t o  t h e  loop was started.  on March 19 at a r a t e  
of  0.3 scc/hr.  
p a r t i a l  pressure within t h e  loop similar to t h e  equi l ibr ium hydrogen par- 
t i a l  pressure i n  a SNAP-8 primary system i n  space (2.4 X a t m ) .  Deu- 
ter ium outflow f rom t h e  loop was monitored with a mass spectrometer, which 
w a s  attached. t o  a jacketed, por t ion  of t h e  loop. Measurements showed. t h e  
d.euterium background. from t h e  annulus t o  be l e s s  than scc/sec p r i o r  
t o  D 2  in jec t ion .  The D 2  outflow grad.ually increased. when i n j e c t i o n  s ta r ted .  
and reached, an equilibrium value of about 
of operat ion.  The t i m e  t o  a t t a i n  equilibrium i n  loop 14-4 w a s  much shor t e r  
than the  9- t o  10-d.ay periods required f o r  two previous loops i n  which 
hyd.rogen w a s  injected.  a t  a r a t e  of 0.6 scc/hr .  
t i o n  i n  equ i l ib ra t ion  time i s  not  yet explainable .  
This ra te  of i n j e c t i o n  W a s  expected, t o  prod,uce a d . eu te r im 
scc/sec a f t e r  t h ree  d.ays 
This consid,erable varia- 
The time t o  reach equilibrium was rechecked i n  loop 14-4 j u s t  p r i o r  
t o  loop termination. For t h i s  t e s t  t he  loop w a s  cold trapped a t  100 t o  
115°F f o r  48 h r  t o  remove d.euterid.es from t h e  N a K .  Deuterium i n j e c t i o n  
was then s ta r ted .  and. t h e  buildup time was again observed.. The loop reached. 
equilibrium in  approximately two days. 
After the i n i t i a l  s teady-s ta te  l e v e l  of d.euterium had, been obtained. 
i n  t he  loop (with no cold. t rapping) ,  a s e r i e s  of gas samples was taken 
by passing argon sweep gas through one of t h e  t h r e e  annul i  no t  attached. 
t o  t h e  on-line mass spectrometer. Gas samples were removed. d.ownstream 
of t h e  sleeves and. were analyzed. with another mass spectrometer. These 
samples provid.ed. a means of d.etermining d.euterium l e v e l s  i n  the  loop N a K  
because the  deuterium pressure  i n  t h e  slowly moving argon purge flow i n  
the  annulus tend.ed t o  e q u i l i b r a t e  with the  d.euterium pressure i n  t h e  loop. 
This method. o f  sampling w a s  d.iscussed. i n  d .e ta i l  i n  a previous r epor t . 2  
The data from t h e  sampling are presented. i n  Table 2.  The source of t h e  
hydrogen tha t  increased. t h e  hyd.rogen l e v e l  of t h e  argon above t h e  o r i g i n a l  
value i s  undefined.. The d.euterium d.a ta ,  although scattered.,  indicated.  
t h a t  t h e  equilibrium pressure i n  t h e  loop w a s  approximately t h e  same as 
~~ 
2E. L. Compere e t  al., SNAP-8 Chemistry Studies ,  p. 44, SNAP-8 Cor- 
rosion Program Quar t .  Progr.  Rept. Aug. 31, 1964, USAEC Report ORNL-3730, 
O a k  Rid.ge National Laboratory. 
. 
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Table 2. Analysis of Gas Samples Removed from Loop 14 
Detection Sleeves Pr ior  t o  C o l d  Trapping 
Argon purge flow: 10 cc/min 
Original H2 content of argon: 6 ppm 
Sample Analysis (ppm) Sample Annulus Date 
H2 (a)  D2 (4 No. No. 
3-25-65 109 1 10 30 30 
3- 29 - 65 110 1 20 30 10 
3-31-65 111 1 40 30 4 0  
3-31-65 112 1 40 40 10 
3-31-65 113 4 20 20 30 
“1 ppm 1 x 10-6 a t m  pressure.  
t h e  calculated.  hydrogen p a r t i a l  pressure of 2.4 X 
SNAP-8 primary NaK system i n  space.3 
a t m  expected i n  a 
The deuterium i n j e c t i o n  system i n  loop 14-4 and t h e  accompanying mass 
spectrometer de tec t ion  system, which can i d e n t i f y  H2, HD, and D2, proved 
u s e f u l  i n  observing t h e  performance of cold t r aps  i n  t h e  loop. 
hydrogen was observed throughout operation, bu t  t h i s  w a s  r e a d i l y  d is -  
t inguishable  from t h e  deuterium outflow, which w a s  of prime i n t e r e s t .  
Hyd.rogen outflow r a t e s  of about 
spectrometer .was at tached t o  the de tec t ion  annulus after approximately 
1000 h r  of loop operation. 
during the  next month of operation t o  about 2 X 
gen outflow remained at t h i s  general  l e v e l  throughout t he  f i n a l  two months 
of  operation. 
d.emonstrated t h a t  the  flow of hydrogen decreased below 
t h e  loop w a s  cooled. t o  room temperature. 
Extraneous 
scc/sec were observed when the  mass 
The amount of hydrogen flow genera l ly  decreased 
scc/sec.  The hydro- 
Numerous t e s t s  were made during t h e  operat ing per iod which 
scc/sec when 
Control of Hydrogen Flow by Cold. Trapping 
A s e r i e s  of cold.-trapping t e s t s  w a s  made t o  determine the  red.uction 
of d.euterium flow from the  loop as a funct ion of cold.-trap temperature. 
31bid., - p. 36. 
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The loop was f i r s t  allowed. t o  reach equilibrium a t  d.esign temperature with 
no cold, trapping and. with D2 i n j e c t i o n  at a r a t e  of about 0.3 scc /hr .  
Deuterium flow from t h e  loop w a s  monitored. by t h e  mass spectrometer l e a k  
d.etector .  P r io r  t o  cold t rapping,  t h e  D2 flow from t h e  jacketed po r t ion  
of t h e  loop was 2.5 X 
at a flow r a t e  of 0.05 gpm and. at 115 t o  125°F reduced. t h e  D2 outflow t o  
about lo-* scc/sec, o r  a reduct ion by a f a c t o r  of 2500. 
was directed.  from t h e  l a r g e  t r a p  t o  t h e  second. s m a l l  cold. t r a p  a t  a flow 
ra te  of 0.05 gpm and. a t  a t r a p  e x i t  temperature of 260°F t o  more nea r ly  
simulate cold. t rapping t h a t  might be available on a SNAP-8 r e a c t o r  i n  
space. 
t i o n ,  and. t h e  D2 outflow a t  t h i s  time w a s  about 4 X 
represents  a red.uction i n  D2 outflow by a f a c t o r  of 6 over t he  untrapped. 
l e v e l  of 2 .5  X scc/sec.  
mass spectrometer attached. t o  the  loop a re  shown i n  F ig .  1. Areas o f  t he  
graph i n  which no d . a t a  are presented. genera l ly  represent  times when d.ata 
were being taken on masses 2 and. 3 (H2 and. HD). The instrumentation was 
not  d.esigned. t o  give simultaneous output read.ings f o r  t h e  t h r e e  masses. 
The cause of t he  general  r i se  i n  t h e  Dz outflow i n  t h e  period. extend.ing 
from Apr i l  15 i n  Fig.  1 i s  no t  d . e f in i t e ly  known. However, postrun exami- 
n a t i o n  of the  ou te r  surface of t h e  NaK-containing piping within t h e  d.e- 
t e c t i o n  annulus showed a considerable oxide fi lm, which i s  b e l i e v e d , t o  
have accumulated. d.uring early operat ion of t h e  argon sweep gas system i n  
t h i s  annulus. It i s  probable t h a t  t h i s  0xid.e f i l m  w a s  being grad.ually 
red.uced. by the d.euterium flow through t h e  metal  w a l l ,  and. t h i s  i s  thought 
t o  account fo r  t h e  increasing D2 flow r a t e  a t  t he  annulus. 
scc/sec.  Cold. t rapping with t h e  l a r g e  t r a p  
On Apr i l  13, flow 
The loop reached. a new equilibrium value i n  about 40 h r  of opera- 
scc/sec.  This 
Typical D2 output d.ata obtained. with t h e  
The D2 p a r t i a l  pressure i n  t h e  t e s t  loop p r i o r  t o  cold. t rapping was 
measured., as shown i n  Table 2, and. found. t o  be approximately t h e  same as 
t h e  estimated. hyd.rogen p a r t i a l  pressure i n  a SNAP-8 primary system i n  
space, t h a t  i s ,  about 2.4 X atm. Therefore, t h e  reduct ion i n  D2 
outflow observed. at t h e  loop as a function of cold,  t r a p  temperature i s  a 
reasonably good. approximation of t h e  reduct ion of hydrogen flow t h a t  might 
be accomplished. i n  t h e  SNAP-8 machine i f  attempts were made t o  reduce t h e  
amount of hydrogen permeating i n t o  t h e  mercury b o i l e r  by cold, t rapping.  
t 
1 
11 
- 
12  
The loop was operated. f o r  676 h r  with t h e  second. s m a l l  cold, t r a p  i n  
operat ion and. with continuous d.euterium i n j e c t i o n  at a r a t e  of 0 .3  scc/hr .  
The t r a p  w a s  isolated.  by valving a t  t h e  end. of t h e  period on May 11 and. 
i s  present ly  being chemically analyzed. f o r  0 2 ,  D 2 ,  HD, a n d . H 2 .  
Operation of t he  loop was terminated. on May 17 because of a N a K  l eak  
i n  t h e  1/4-in.-ODY 0.035-in.-wall Hastel loy N tubing a t  t h e  point  where 
the  hot-spot flow returned t o  t h e  loop surge tank. The f a i l u r e  w a s  i n  
e i t h e r  the  weld. o r  t h e  heat-affected,  zone where t h e  tubing passed. through 
a red.ucer f i t t i n g  i n  t h e  surge tank w a l l .  A t o t a l  operat ing t i m e  of 2659 
h r  had, accumulated. a t  d.esign temperature a t  the  time of t h e  N a K  leak .  
The loop operating h i s t o r y  i s  shown i n  Fig.  2, along with d.ata from the  
0xid.e plugging ind.icator . 
CORROSION-LOOP MATERIAL STUDIES 
A .  Taboada B. F le i scher  
Decarburization of Croloy 9M 
A t e s t  program was i n i t i a t e d .  t o  a sce r t a in  t h e  general  e f f e c t  of d.e- 
carburizat ion on the  mechanical proper t ies  of both stand.ard. and modified. 
Croloy 9M. The p lan  f o r  t h e  second. group of t e s t s ,  outl ined. i n  Table 3, 
provid.es for d.etermining whether the  heat-treatment cond.itions p r i o r  t o  
decarburizat ion have a s ign i f i can t  e f f e c t  on the  proper t ies  a f t e r  d.ecar- 
bur iza t ion .  
The specimens were d.ecarburized. i n  a type 316 s t a i n l e s s  steel-NaK 
Control specimens loop at  1425°F f o r  400 h r  as d.escribed. p r e v i ~ u s l y . ~  
were given the same exposure i n  helium. The t e n s i l e  and. s t r a i n - r a t e  t e s t s  
were performed., and. d.ata reduct ion and. ana lys i s  a re  i n  progress.  Creep- 
rupture  t e s t s  were in i t i a t ed . .  
. 
I 
Tab0ad.a and. B.  Fleischer ,  Corrosion-Loop Mater ia l  Studies ,  
pp. 21-23, SNAP-8 Corrosion Frogram Quart. Frogr. Rept. Nov. 30, 1964, 
USAEC Report ORNL-3784, Oak Rid.ge National Laboratory. 
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Sta tus  of Analyt ical  Examinations of Corrosion Loops 
The s t a t u s  of t h e  ana ly t i ca l  examinations i s  reported. i n  Table 4 f o r  
t h e  loop t e s t s  t h a t  have been completed. I n  general ,  t h e  examinations 
show t h a t  very l i t t l e  rr,etal migration occurs i n  low-oxygen NaK at t e m -  
pera tures  up t o  and including 1400°F; however, carbon migration i s  qu i t e  
severe.  
of  types 347 and 316 stainless s t e e l  i s  very low when compared with t h e  
corrosion of chromized Hastelloy N, which ranges from th ree  t o  seven times 
as g rea t .  
i ng  t h e  corrosion r a t e  of  all the  mater ia l s .  
oxygen content of t h e  N a K  t o  approximately 80 ppm r e s u l t s  i n  a n  increase 
i n  the  corrosion r a t e  of types 347 and. 316 s t a i n l e s s  s t e e l  by a f a c t o r  of 
3 t o  4 over t h a t  a t  t he  low oxygen l e v e l .  
l e v e l  of  oxygen on t h e  corrosion r a t e  of Hastel loy N i s  very s m a l l .  
Corrosion of Croloy 9M i n  low-oxygen NaK i s  undetectable and t h a t  
The oxygen content o f  t h e  XaK i s  an important va r i ab le  govern- 
A t  1400"F, increasing t h e  
However, t he  e f f e c t  of t h i s  
Table 4 .  Status of Loop Examinations 
Loop No." 
1-1 10-1 9-2 8-4 7-3 lA-1 2-2 4-4 5-5 13-3 
Loop cutup and. visual inspection C C c c c c  c c c c  
Posttest weighing of  specimens c c  c c c c  c c c c  
Carbon analysis of specimens c c  c c c c  c c c c  
Carbon analysis of loop piping c c  c c c c  c c c c  
Metallographic examinations c c  c c c c  c c c c  
X-ray fluorescence analysis c c  c c c  C 
Electron microprobe analysis C C C 
a C indicates completed. examinations. 
Additions of H2 t o  the  NaK have not produced any d i sce rn ib l e  e f f e c t s  
on the  mass t r a n s f e r  r a t e  o f  any of t h e  mater ia l s .  
a t i ons  made t o  da te ,  t h e  extent of carbon migration d.oes not appear t o  
be s i g n i f i c a n t l y  affected.  by the  l e v e l  of hydrogen o r  oxygen i n  the  NaK 
within the  concentrat ion ranges being s tudied.  
Furthermore, i n  evalu- 
Phase i d e n t i f i c a t i o n  s tudies  performed on types 347 and 316 s t a in -  
less steel  specimens exposed. i n  t h e  loops have ind ica ted  t h a t  t h e  loop 
16 
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exposures cause t h e  d.evelopment of carbid.e phases and sigma phase. 
sults also ind.icate t h a t  i n  type 347 s t a i n l e s s  s t e e l  t h e  sigma phase 
grad.ually decomposes as ca rbur i za t ion  pr0ceed.s across  t h e  specimen. 
R e -  
Examination of Loop 13-3 
Corrosion measurements and examinations showed. t h a t  very l i t t l e  cor- 
rosion occurred. i n  hot spot  loop 13-3, includ.ing t h e  hot-spot area, as 
reported. previously. Decarburization of t h e  0.122-in.-wall Croloy 9 M  
piping w a s  s l i g h t ,  being comparable t o  t h a t  found i n  loop 8-4. 
Carbon p r o f i l e s  across t h e  w a l l  of t h e  0.122-in.-wall Croloy 9M 
piping revealed. a low carbon (-0.002% C )  f e r r i t e  region t h a t  extended. 
about 0.008 in .  from t h e  surface a t  t h e  ho t  upstream end.. Two f e e t  d.own- 
stream and at t h e  same temperature t h e  depth of d.ecarburization w a s  l e s s  
than h a l f  as much. Between these  two po in t s ,  complete d.ecarburization 
was found across the  0.020-in. Croloy 9M por t ion  of  t h e  duplex type 316 
s t a i n l e s s  s teel-Croloy 9M tubing all along i t s  l eng th .  Carburizat ion of 
t h e  type 316 s t a i n l e s s  s t e e l  a t  t h e  i n t e r f a c e  w a s  also noted.. Metallo- 
graphic examinat ion and. u l t r a son ic  inspect ion of t h e  b i m e t a l l i c  tubing 
showed, t h e  tubing t o  be sound throughout, including areas  i n  the  v i c i n i t y  
of b u t t  welds and. melt-through welds. 
*A. Tab0ad.a and. B .  F l e i sche r  , Corrosion-Loop Mater ia l  Studies  , p.  30, 
SNAP-8 Corrosion Program Quart. Progr. Rept. Feb. 28, 1965, USAEC Report 
Om-3823 , O a k  Rid.ge National Laboratory. 
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